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RELATION AMONG THREE MATURI TY MEASUREMENTS 
A N D YIELD OF GRAIN IN COR N 1 
Arne l R. Hallaue r, C . D. Hutchcroft , M . T . Hills on and R. L. Higgs 2 
A BS TRAC T. M u 1 t i p 1 e r e g r e s s i o n a n a 1 y s e s w e r e u s e d t o 
determine th e r e lati ve importance of thr ee maturity 
measures ( si l k in g dat e, grain moisture at approx imat e 
physiolovical maturity and grain moisture at harvest) 
on yie l d for hybrids g r own in the I owa Corn Yield Test 
in 1 963, 1 964 and 1 965. D ata for the thr ee maturity 
measures were obtained at Kanawha for the hybrids 
test e d in districts l, 2 and 3 and at Ankeny for the 
hybrids tested in districts 4U , 4B , 5 and 6 . 
High er yields we r e associated with lat e r si l king , 
higher grain m o istur e at approximate phys i ologica l 
maturity, and higher grain moisture at har ves t in both 
northern and southern I owa . The r e lat ive magnitudes 
of the lin ear regressi on coefficients ( i3d varied among 
districts . In nor the rn I ow a, moisture at harvest ac -
counted for 38% of the variatio n in yield, w h e re?-s in 
s o u th e r n I ow a , s i 1 k i n g d a t e a c c o u n t e d f o r 2 9 % . M o' r e o f 
the variation in yield could be ascribable to the three 
matu ri ty measures in northern than in southern I owa . 
The three measures of maturity were highly inter -
corre l ated in north er n Iowa . I n southern Iowa on l y 
silking date and moisture at harvest we r e highly cor -
related . The correlati ons between ea ch of the matur -
ity measures and yield were inconsistent for individual 
years . The corr elations we r e highest between y i e ld 
and moisture at har ve st in n or thern I owa (r = . 62) and 
between yield and silking date in sou th e rn I owa ( '{ = . 54) . 
The estimated linear r eg r ession coefficients we re 
us ed t o predict the yie ld for each hybrid . The p redict -
e d y i e 1 d w a s t h e n c o m p a r e d w i t h t h e o b s e r v e d y i .e 1 d ; 
this comparison indicates if a hybrid performed better 
or poorer than ex p ected on the basis of its silking date 
1 Contributi on from the I owa Agriculture and Home Economics E xperi-
ment Stati on , Ames , I owa , and the Crops R esearch Division , Agrici;tltural 
Resea rch Se r vice , U .S. D epartment of Agriculture cooperating . Jirurnal 
P ape r No . J-5670 of the I owa Agriculture and Home Economics E xperi -
ment Stati on. Projects No . 1575 and 1170. 
2 R esea rch Geneti cist, Crops Research Di vis i on, Agricultural Re~earch 
Service, U . S. D epartment of Agriculture , secretary of the Iowa Crop 
Im p r ovement Ass o ciation and associate professor of agronomy , ass o ciate 
in ag r onomy , and assistant profess or of agr iculture, Wis cons i n State 
University , Platteville , Wis cons i n, res pee ti ve ly . 
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and moisture at approximate phy sio logical matu:tity 
and harvest. Ratios were obtained for several hybrids 
that yielded 7% or more than expected; these hybrids 
were usually average or below for each of the maturity 
measures and average or lo wer for yield. Hybrids that 
were abo ve average for each of the n-1aturity measures 
and average or lower for yield performed relatively 
poorer than expected. Pa1·ticularly in northern Iowa, 
the analyses suggested that, to maxirnize yield, and yet 
to mature with safety, hybrids should be slightly lat er 
for silking date and above average for rnoisture at 
physiological maturity but dry rapidly after the attain-
ment of physiological maturity. 
Three measures of maturity frequently ha ve been used to cl.as sify 
inbred lines and hybrids in corn (Zea mays L.): silking date , time of 
phy siological maturity of the grain, and moisture of the grain at harvest. 
These measures of maturity have different implications to corn breeders, 
corn production personnel, physiologists, and farmers . Silking date and 
graii1 moisture at harvest are the most frequent measures of maturit)r 
because the data are relatively easy to obtain. However, the time of 
phys iological maturity may be the most important measure of maturity 
because this is the time of maximum dry matter accumulation of the 
grain. Estimates of physiological maturity have been made for a number 
of gen'otypes (Gunn and Christensen 1965; Hills on and Penny 1965; Hal-
lauer and Russell 1962 ), but the data are few in compari.son with silking 
date and grain moisture at har ve st; its i1nportance is not negated, but it 
is difficult ab.cl expensive to evaluate a large number of genotypes. The 
importance of attaining physiological maturity before frost has been em-
phasized (Shaw and Thom 1951 ). With the increase in use of combine 
ha rvesters and artificial drying facilities, attaining physiological matur·· 
ity befor e harvest is becoming increasingly important. 
Although estimates of the three measures of maturity hav'e been made 
for diffe rent genotypes, very few studies have related maturiry to grain 
yield. D uncan ( 1966) aptly stressed the point that 11 one factor which ha~ 
received inadequate consideration is maturity, especially the effects of 
maturity on yi'eld and characteristics relating to efficiency of production.'' 
It is often stated that the highest yields are obtained from hybrids that 
make maximun1 use of the growing season; this generally suggests that a 
late "maturing 11 hybrid should be selected. However, it is essential that 
the hybrid matures (physiological maturity) before the average frost date. 
Chase ( 1964) studied the relation of yield and silking date for a group 
of early maturity hybrids having equivalent grain moisture at ' harvest. 
The data showed the.re was an increase in yield of over 56 pounds ( 1 bu) 
of dry grain per acre for each increase of one day in the interval from 
planting of 50% silking. Chase (1964) summarized his study by stating 
that ' ' the data are taken to indicate that the expe ctation of higher yields 
in early hybrids w hich flower later in th'e sPason and· then lose rnoisture 
rapidly after phys iological maturity of the grain is supported and that hy-
brids of this type are preferable from a yield standpoint to hybrids which 
flower early in the season and then dry slowly.'' 
YIELD OF GRAIN IN CORN 123 
MATERIALS AND METHODS 
The Iowa Crop Improvement Association has been obtaining concomi~ 
tant maturity i.nforrnation for all ·hybrids entered in the Iowa Corn Yield 
Test. Three estimates of maturity were obtained for each hybrid: aver• 
age silking date, grain moisture at the approximate time of physiologi-
cal maturity (60 days after average silking date), and grain moisture at 
average harvest date. Iowa has been divided into seven testing districts 
that take into consideration the length of growing season. Maturity com-
parisons of all hybrids tested in districts 1, 2 and 3 (northern Iowa) were 
made at Kanawha (Fig. 1 ). Similar data were obtained at Ankeny for all 
hybrids tested in districts 4U, 4B, 5 and 6 (southern Iowa). 
Figure 1. Map shows the district arrangement and locations the maturity 
comparisons were made £o all hybrids tested in districts 1, 2 
and 3 (Kanawha) and districts 4U. 4B , 5 and 6 (Ankeny). 
Maturity comparisons for each hybrid tested were summarized by 
Higgs et al. (1966, Tables 7 and 8). Four-, three-, and two-year corn.-
parisons were included for each hybrid that was included in the yield-test 
comparisons . Yie l d comparisons for each hybrid tested were included 
for only 2 and 3 years; hence, only the 3 ~ year sun1mc.ries for the inaturity 
comparisons were used. 
Multiple regression analyses were used to determine the relative im-
portance of each maturity measure on yield. Summaries for the yield 
data were made for each district for each year ( 1963, 1964 and 1965) and 
averaged for the 3 years. Also, a 3-year summary of all hybrids tested 
in districts 1, 2 and 3 for districts 4U, 4B, 5 and 6 were made. The pre-
cision of the yield comparisons for t h e different hybrids would vary in 
the last two summaries; s01ne hybrids were tested in only one district, 
'"hereas other hybrids were teste d in two or rnore districts. 
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In the multiple r eg ression analysis, s even models were fitted and 
t e sted: 
Mode l 1. 
2. 
3. 
4. 
5. 
6. 
7. 
Y = ~ o + ~ 1X1 
Y = ~ o + r>zX2 
Y = ~ o + ~3x3 
Y = ~ o + ~ iX1 + ~2X2 
Y = ~ o + ~ iX1 + ~3X3 
Y = ~ o + ~zX2 + ~ 3X3 
Y = ~o + ~ 1X1 + ~ 2X2 + ~ 3X3 
In the mode l s , the Y's refe r to obse r ve d yie ld, and X 1, X 2, and X 3 refer 
to moisture at approximat e physiological maturity, moisture at harvest , 
and ave ra ge silking dat e , respectively . The line ar regression coeffi-
cie nts (~ 0 , ~ 1 , ~ 2 , and ~ 3 ) we r e estimat ed fo r e ach model, and the sum 
of squar e s due to regr e ssion of y i e ld on th e maturity comparisons we r e 
calculat e d and test e d w ith the residual sum of squar e s. The X 2 ' s and X 3 ' s 
we re used directly as presented in Higgs !:_t ~· (1966, Tables 7 and 8). 
The X 1 v alues we r e adj u st e d to take into acc ount the average date of silk -
ing for e ach hybr id . Moistur e at physiol ogical maturity was obtained 60 
days after t h e a ve ra ge silking date for all e ntri es at the two locations 
(Kanaw ha fo r the n o rthern maturity hybrids and Ankeny for the southern). 
To make the inter val from s ilking date t o approximate physiological ma-
turity the same for all entries, the moisture at physiological maturity 
was adjust ed up, if the s il k in g date w as e arlier than the ave rage for the 
location, and dow n, if the silking dat e w as late r than average. The ad-
justments we re made o n the basis of the rate of moi sture loss per day 
for the 50-25% ke rnel moisture interval r e ported by Schmidt (1957); this 
was found to be O. 7 5% per day. F o r example, if the hybrid silked July 19 
(Iow a 44 17) and the a ve ra ge fo r the l o cati on was July 23. 1 (Kanawha), 
the n t he moistur e at approximate phys i o l ogi ca l matu rity would be 30. 9 
(Hi gg s !:_t ~· 1966, Table 7) plus 0 . 75 x 4 . 1; therefo r e , 34. 0% w as used 
in th e r eg r ess ion analyses. All entries at the two locations we re adjuste d 
ac co rdin g l y. 
F rom the re g r e ssi o n analyses , estimates of ~ 0 , ~ 1 , ~ 2 and ~ 3 were 
available , and th e r e lative impo rtanc e of each measure of maturity c o uld 
be eval uat e d. The es timates of ~ 0 , ~ 1 , ~ 2 and ~ 3 also we re us e d to pre-
dict the r e lative yie lds of each hybrid in e ach district and for the north-
e rn and southern hybrids acr oss districts; i . e. , Y. = :6X . . 13 .. 
J i lJ 1 
To compare the actua l obse r ved yie lds (Hi ggs !:_t ~· 1966, Tables 1-6) 
and th e predi cted yie ld s , a ratio, Yj / Yj , was computed for e ach hybrid. 
The d eviati ons between th e actua l and predicted yi e lds would indicate if 
a hybrid w as performing hi gh er o r l owe r than exp e cted on th e basis of 
the a ve r age r e lation betwee n the three measures of maturity and yield. 
RESULTS 
Regression anal yses for e ach of the seve n mode ls were o btained for 
each year ( 19 63 , 1 964 and 1965) w ithin each district . Th e results we r e 
inconsistent from year - t o - ye ar w ithin a dist r ict . Since t h e three meas -
ures of maturity had been obtaine d for the th r ee con s e c ut ive years that 
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the yield-test data w ere available, only the analy ses of the 3-year data 
w ill be presented. 
The proportion of the total variation in y i e ld that can be attributed to 
each of the three maturity m e asures (and all possible combinations of 
the three maturity meas u r e s ) is r e corde d in Table 1. The power of the 
Table 1. Proportion of the total sum of squares due to regression 
for each of the models for each district. 
M::Jdelt 
1 2 3 4 5 6 7 
Districts 1 13% 28%* 30%* 28% 30% 3%* 42i 
2 14 23* 23* 24 26 31 31 
3 25* 30* 37* 30* 37* 38* 39 
Northern 30** 38** 26** 39** 33** 40** 40** 
4U 15 58** 41* 60** 41** 59** 61** 
4B 14 53** 41** 54** 42** 53** 55** 
5 8 19* 19* 21* 24* 23* 25 
6 16* 33** 55** 38** 59** 57** 60** 
Southern 10* 21** 29** 24** 33** 31** 34** 
t See .t.Bterials and Methods for explanation of the models. 
* ** Mean square due to regression significantly different , 
from the residual mean square at the .05 and .01 levels 
of probability, respectively. 
tests among districts and models varied because of variations in the de-
grees of freedom. In district 1, 42% of the total variation in yield was 
removed by including the three measures of maturity in the regression 
e quation (model 7). However, only 3% more variation was removed by 
including moisture at approximate physiological maturity; the equation 
(model 6) that included only moisture at harvest and silking date account-
e d for 39% of the total variation. Districts 2 and 3 show the same trend 
w ith district 2 having less of the total variation accounted for by the 
maturity measures. 
If the yie lds of each hybrid averaged for districts 1, 2 and 3 are con-
sidered, moisture at harvest accounted for 38% of the total variation in 
yield. Any combination that includes moisture at harvest (models 4, 6, 7) 
accounted for the largest proportion of the total variation, but the . in-
crease is only 2% more than model 2 that includes only moisture at har-
vest. 
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In districts 4U and 4B, moisture at har ve st also accounted for the 
large st proportion of the total var iati on in y ield. The inclusion of mois-
ture at approximate physiological maturity and silking date in the re-
gression equations did not have a significant effect. Less than 25% of the 
variation in yield could b e attributed to the matur ity measures in district 
5. Only 19'10 of the total v ariation in yield could be attributed to moisture 
at harvest and silking date, and rnodel 7 accounted for only 6% more of 
total. In district 6 silking date was the most important maturity meas-
ure accounting for the variation in yield. This was evident also in any 
combination that included silking date; mode l 4 did not include silking 
date, and the sum of squares due to regression was less than for models 
5, 6 and 7. 
In comparison with northern Iowa, the effect of moisture at approxi-
mate physiological maturity was 20% less for the hybrids tested in the 
southern districts. Silking date accounted for a greater proportion of 
th e total variation for yields for hybrids tested in districts 4U , 4B, 5 and 
6 . The importance of silking date is emphasized in the models that in-
volve moisture at approximate physio l ogi cal maturity and harvest. Model 
7 includes all three maturity measures, and only 5% more of the total 
was due to re gress ion. 
The correlations among the maturity measures and between each of 
the maturity measures and yield are shown in Tables 2 and 3 . The level 
of significance for each correlation is indicated. The magnitude of the 
correlation necessa y for s i gnificance from zero varied because the 
number of hybrids tested in each district varied; i.e. , the degrees of 
freedom varied to test H 0 : p = O. 
The three measures o f maturity \\.ere highly intercorre l ated for the 
hybrids tested in districts 1 , 2 and 3. The on ly exceptions were silking 
date and moisture at approximate physiological maturity and harvest in 
d i strict 2. The correlations were of the same relative magnitude among 
the districts. 
The correlation between each of the three maturity measures and yield 
varied considerably among years within a district. The most extreme 
variation wa s obtained in district 2 for the correlations between silking 
date and yield; in 1963 the correlation was highly significant and positive, 
whereas in 1965, the correlation was negative and highly significant. The 
same trend was obtained for moisture at approximate physiological ma -
turity and harvest and yield in district 2. In general, the correlations 
were hi ghest i~ 196 3 and lowest in 1965. 
When the 3-year y ield data for each district are considered, the cor-
relations between each of the maturity measures and yield were consis-
tent acro ss districts. Including the yield-test data for all hybrids in all 
districts resulted in correlations that were highly significant for each 
measure of maturity. The correlation between moisture at harvest and 
yield (r = • 621':":') was slightly, but not significantly, higher than silking 
date and moisture at physiological maturity and yield. The coefficients 
of determination (rZ) show that moisture at harvest accounted for 9 and 
13% more of the variation in yield than moisture at approximate physio-
l ogical maturity and silking date, respectively. 
In southern Iowa, the intercorrelations among the three maturity 
measures (Table 3) we re not as high as for the hybrids tested in northern 
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Table 2 . Correlations between silking date, moisture at appr xi.mate 
physiological maturity, and date of harvest, and yiel d f or 
three di stricts in northern Iowa . Computations were base 
on the three-year data, 1963, 1964, and 1965. 
Moisture at 
Silking Physiol-date 
ogical Harvest 
maturity 
Moisture at P.M .t-District 1 .642** 
2 .468 
3 .832** 
Northern . 739** 
Moisture at harvest-Dist r i ct 1 .519** .700** 
2 .476 .648** 
3 .761** .853** 
Northern .699** .848** 
Yield-District 1 1963 .678** .500* .632** 
1964 .510* .519* .503* 
1965 .238 -. o8o .225 
Avg. .552* .359 .533 
District 2 1963 .764** .594* .702** 
1964 .488* .334 .363 
1965 -. 612** - .416 ~. 349 
Avg. .478 .377 .483* 
Di strict 3 1963 .890** .725** .717** 
1964 -. 013 .023 .209 
1965 .297 .o65 .193 
Avg . .607** .503* .538* 
orthern Avg. .515** .548** .62l** 
r2* 26'{o 30'% 3gf, 
tP .M. = Physiological maturity. 
*r2 = Coefficient of determination. 
*, ** = Significantly diff'erent f'rom zero at he • 05 an . 01 
levels of probabil ity, respectively. 
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Table 3. Correlations between date silk, moisture at approximate 
physiological maturity and date of harvest, and yield 
for four districts in southern Iowa. Computations were 
based on three-year data, 1963, 1964, and 1965. 
Moisture at P.M.t-District 4U 
4B 
5 
6 
Southern 
Moisture at harvest-District 4u 
4B 
5 
6 
Yield-District 4U 1963 
1964 
1965 
Avg . 
District 4B 1963 
1964 
1965 
Avg. 
District 5 1963 
1964 
1965 
Avg. 
District 6 1963 
1964 
1965 
Avg. 
Southern Avg. 
Southern 
tP.M. = Physiological maturity 
Silking 
date 
.615* 
.465* 
.217 
.280 
.202 
.900** 
.830** 
.665** 
.603** 
.627** 
.718** 
.256 
.570* 
.638* 
.526* 
.705** 
.355 
.640** 
.522** 
.414* 
.070 
.434* 
.732** 
.620** 
.489* 
.740** 
·539** 
29°/o 
fr2 = Coefficient of determination. 
Moisture at 
Physiol-
ogical 
maturity 
.662** 
.650** 
.408* 
.306 
.332* 
.484 
.061 
.328 
.392 
.396 
.441 
.065 
.377 
.431* 
.272 
-.066 
.288 
.440* 
.383 
.127 
.396* 
.314** 
Harvest 
.757** 
.437 
.732** 
.760** 
.660** 
.804** 
.308 
.727** 
.505** 
.392* 
.112 
.441* 
.411* 
.607** 
.429* 
.572** 
.456** 
'~ , '~'~ =Significantly different from zero at the • 05 and . 01 
levels of probability, respectively. 
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Iowa. The hi ghes t and most c onsistent correlation across districts was 
obtained b etween silking date and moisture at harve st. There was a de-
cre asing trend in the magnitude of the correlations from district 4U to 
district 6. 
The correlations between the three maturity measures and yield were 
inconsistent among years within a district and among districts for the 
same year. However, the variat ion among the districts for correlations 
of the ma~urity measures and 3-year yield data was relatively small. 
H igher correlations we re obtained for silking date and moisture at har-
ves t w ith yield; the correlations involving moisture at approximate phys-
i o logical maturity and yield w ere consistently l ow in all years in all dis-
tricts. 
Correlations fo r the average yields for all hybrids grown in all dis-
tricts in southern Iowa for the 3 years with the three maturity measures 
were . 539>:< * , . 3 14':', and . 456** for si l king date and moisture at approxi-
mate physiological maturity and harvest, r e spe ctively. The coefficients 
of d etermination (r2) for southern Iowa show that silking date acc ounted 
for more of the variation i n yield than did the moisture measurements of 
the grain ; th is is contrary to the results shown for northern Iowa (Table 
2). Moisture at approximate physiological m atu rity acc ounte d for only 
10% of the va ria tion in yield, which w as 20% less than in northe rn Iowa. 
A l so, the effect of grain moisture at harvest w as approximately twice as 
effective fo r accounting fo r the variation in yield in northern I owa-39o/0 
in n o rthern as compared with 21 % i n southern I owa. 
For e ach of the seven model s, the yie lds fo r each of the hybrids were 
predicted (Tables 4 and 5). The residual sum of squares for each model 
is indicated at the bottom of Tables 4 and 5. The residual is the square 
of the differences between the observed and predicted performances and 
indicates how "good " each model predicted the yields of e'ach hybrid. 
In northern I owa , the residual for grain moisture at harvest (model 2) 
was 14 and l 9o/0 l owe r than for grain moisture at approximate physiologi-
cal maturity a nd silking date, respectively; this agrees with the coeffi-
cients of determination (r2) shown in Table 2. The various combinations 
(models 4, 5, 6, 7) of the three maturity measures did not significantly 
reduce the residual sum of squares. These data indicate that for the hy-
brids g r own in districts 1, 2 and 3, g rain moisture at harvest is the most 
important of the three measures of maturity in accounting for the yield 
va riation. The prediction equations (bottom, Table 4) show the estimates 
o f the coefficients o f regression @i) for each model. With the exception 
of moisture at physiological maturity in model 7, all regression coeffi-
cients are positive; this indicates that higher yields are generally asso-
ciated with higher moisture at physiological maturity and harvest and 
later si l king dates. The high moisture at harvest is again emphasized 
because it has the largest regression c oefficient {t2 = 2. 7%). The re-
gression coeffi cients for moisture at harvest also are relatively large in 
the models 4, 6 and 7. 
The ratios in Table 4 show the relati ve performance of each hybrid 
(for yield) on the basis of the average regress i on coefficients for each of 
the maturity measures. If we consider the ratios for model 2 (s.iµG.e; the 
residual sum of squares was not significantly lower for the other models), 
hybrid I yielded 10. 5% lower than expected on the basis of its moisture 
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Table 4. Ratios of ob served and predicted yields (Y/Y) for 37 hy-
brids tested in three districts (1, 2, and 3) in northe~n 
Iowa for three years, 1963, 1964, and 1965. 
Hybrids Model * 
1 2 3 4 5 6 7 
1 0.913 0.895 0.925 0.899 0.979 0.909 0.910 
2 1.030 1.033 1.000 1.034 1.023 1.030 1.030 
3 0.955 0.950 0.936 0.952 0.952 0.950 0.951 
4 1 .001 1.004 0.968 1.005 0.991 0.998 0.997 
5 0.978 1.001 1.005 0.999 0.993 1.007 1.007 
6 1.080 1.055 1.045 1.059 1.069 1.054 1.054 
7 1.055 1.047 1.085 1.048 1.071 1.059 1.059 
8 1.072 1.072 1.045 1.073 1.064 l.o68 1.068 
9 0.973 0.974 0.948 0.974 0.965 0.969 0.969 
10 1.040 1.041 1.045 1.042 1.045 1.045 1.045 
11 0.958 0.980 0.966 0.979 0.964 0.980 0.981 
12 1 .004 0.992 0.987 0.994 1.000 0.991 0.991 
13 1.008 1.006 0.997 1.007 1 .005 1.005 1.005 
14 0 .979 0.972 0.968 0.973 0.976 0.971 0.971 
15 i.067 1.046 1.055 1.049 l.o64 1 .048 1.048 
16 0 .995 1.000 0.987 1.000 0.993 0.998 0.997 
17 0.958 0.979 1.010 0.976 0.980 0.990 0.990 
18 1.011 1.005 1.006 l.Oo6 1.010 l.Oo6 1.006 
19 0.962 0.953 0.931 0.954 0.950 0.946 0.947 
20 0.988 0.968 0.987 0.970 0.988 0.972 0.972 
21 0.957 0.970 0.941 0.968 0.950 0.963 0.963 
22 0.954 0.959 0 .968 0.958 0.958 0.961 0.961 
23 1.114 1.072 1.096 1.077 1.105 1.075 1.074 
24 1.095 1.025 1.045 1.022 1.018 1.032 1.032 
25 0.947 0.962 0.963 0.960 0.953 0.963 0.963 
26 0.980 0.978 0.997 0.978 0.985 0.981 0.982 
27 1 .025 1.002 1.045 1.004 1.032 1.010 1.010 
28 1 .083 1.134 1.076 1.128 1.079 1.121 1.122 
29 0.929 0.962 0.931 0.958 0.928 0.955 0.955 
30 0.996 1.015 0.998 1 .012 0.994 1.010 1.010 
31 1 .040 1 .022 1.077 1.023 i.051 1.032 1.032 
32 0.967 0.993 0.962 0.989 0.961 0.983 0.984 
33 0.972 o.97h 0.985 0.973 0.974 0.975 0. 975 
34 0.935 0.928 0.934 0.927 0.931 0.925 0.925 
35 i.038 1.016 l.o65 1.017 1.042 1.021 1.021 
36 1.003 0.990 1.001 0.991 0.993 0.984 0.984 
37 1.016 l .Oo6 1.003 1.004 1.000 0.994 0.995 
Residual 846.o 743 .1 887.9 741.l 813 .5 727 .5 727.5 
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Table 4. (continued) 
* pTediction equations were as follows: 
Model 1. yl 49.3 + l.5X1 
2. y2 51.4 + 2. '7X2 
3. 
:3 
60.3 + l.9X3 
4. Y4 ~.9.2 + 0.2Xl + 2.4X2 
5. :5 46.7 + l.OX1 + 0.9X3 
6. y6 47.4 + 2.2X2 + o.6x3 
'7· Y7 47.8 ~ o.1x1 + 2.zx:2 + o.6x3 
at harvest. Hybrid 28 on the other hand, yielded 13. 4% more than ex-
pected. The pertinent data for the two hybrids are as follows: 
Nloisture at P. M. 
Silking date 
Y.ield 
Harvest 
Hybrid 1 
32. 5% 
17.6% 
19. 0 days 
5567. 2 kg / ha 
Hybrid 28 
37. 6% 
17.9% 
24. 0 days 
71 11. 2 kg/ha 
Hybri d 28 had 5. '1% more moisture at approximate physiological maturity, 
silked 5 days later, and had 0. 3% more moisture at harvest than hybrid 1. 
In addition hybrid 28 yielded 1544. 0 kg more· than hybrid 1. Relative to 
hybrid 1, hybrid 28 was late for silking date. and had more moisture at 
approximate physiological maturity, but it had essentially no difference 
for grain moisture at harvest. Since the regress ion analysis showed that 
increased grain moisture was related to higher yields, ' this is the reason 
hybrid 28 yielded _relatively high to the predicted.; i t was low in moisture 
at harvest and one of the highest yie lding hybrids in northern Ioyva. Hy-
brid 23 was higher yielding (7236. 8 kg ), but grain moisture at harvest 
was 20. 7%. Therefore, the observed yield \Vas only 7 . 2% higher than the 
predicted. 
In southern Iowa, silking date accounted for 8% n1or.e of the variation 
in yield. than rnoisture at ~arvest (Table 1 ). The . . residual sums of squares 
for the seven models indicates that silking date was 12% better in pre-
dicting' yield than moisture at harvest (Table 5 ). · However, the residual 
surn of squares is reduced 8% lower for model 7 than for rnodel 3 in south-
ern Iowa. As was indi cated in Table 1, there is very little relationship 
between moisture at approxirnate physiological maturity and yie ld in 
southern Iowa (model l, Table 5 ). The prediction equations (bottom, 
Table 5) all indicate there is a positive relationship between the three 
measures of maturity and yield. 
132 HALLAUER, HUTCHCROFT, HILLSON and HIGGS 
" Table 5. Ratios of observed and predicted yields (Y/Y) for 47 hy-
brids tested in four districts (4U, 4B, 5 and 6) in south-
em Iowa for three years, 1963, 1964, and 1965. 
Hybrids Model * 
1 2 3 4 5 6 7 
1 0.800 0.836 0.857 0.853 0.883 0.871 0.889 
2 0.981 1.002 0.992 1.012 1.010 1.005 1.015 
3 0.949 1.000 1.023 0 .995 1.020 1.029 1.026 
4 1.019 0.995 1.037 1.000 1.050 1 .027 1.042 
5 1.107 1.048 i. 096 1.070 1.118 1.080 1.103 
6 0.965 1.058 1 .001 0.961 1.000 0.991 0.993 
7 0.989 1.020 1.028 1.017 1.026 1.033 1.030 
8 l.Oo6 1.015 0.985 1.025 1.000 0.999 1. 007 
9 0.987 1.007 1.028 1.004 1. 024 1.027 1.024 
10 1.022 1.051 i.098 1.041 l.o83 1.091 1.080 
11 0.932 0.951 0 .974 0.947 0 .968 0.973 0.968 
12 1.089 1.030 0 .978 1 . 063 1.018 0 .989 1 .02_! 
13 1.010 1 .020 1.026 1.022 1.028 1.029 1. 029 
14 0.967 0.955 0 .982 0.958 0.984 0.974 0.979 
15 1.034 1 . 020 1.052 1.023 i . 053 1.043 1. 047 
16 0.991 1.012 1.010 1. 010 1. 010 1.015 1.014 
17 0.923 0.916 0.887 0 .927 0 .902 0 .896 0.907 
18 0 .887 0.887 o.886 o.888 o . 888 0 .887 0 .889 
19 l.o66 1.030 1.002 1.047 1.023 1.007 1. 023 
20 1.072 1.013 1.039 1.026 1.051 1. 025 1 . 039 
21 0.988 1.022 1.017 1.013 1 .010 1.023 1.015 
22 1.020 1.049 0.989 1.052 1.000 1.010 1.012 
23 0.904 0.943 0 .938 0.931 0 .927 0 .944 0 .932 
24 0.987 0.994 0 .993 0.991 0 . 990 0.994 0.991 
25 0.951 0.914 0.929 0.922 0 .935 0 .920 0.928 
26 1 . 042 1. 021 1.054 1 .020 1 . 048 1 .040 1.039 
27 l.o64 1. 025 1.016 1. 035 1. 027 1.013 1.023 
28 1.049 1. 020 1.031 1 . 024 1.033 1.023 1.027 
29 1.002 0 .972 0. 929 0.987 0 .947 0.937 0. 952 
30 1.055 1. 063 1 . 039 l.o61 1.040 1. 045 1. 045 
31 0 .952 0 .956 0 .973 0 . 943 0 . 956 0 .970 0 . 956 
32 1.002 0 . 979 0 .989 0 . 980 0 .989 0 .981 0 . 984 
33 1 . 072 1 .. 075 1 . 029 1.078 1.036 1 .041 1 .043 
34 0.922 0 .939 0.944 0 .928 0.931 0 . 943 0.931 
35 0 .942 0 .897 0.912 0 .902 0. 914 0 .900 0.905 
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Table 5. (continued) 
Hybrid Model * 
1 2 3 4 5 6 7 
36 0.991 1.039 0.993 1.024 0 . 982 1.009 0.994 
37 0.894 0 .879 0.875 0 .876 0.870 0 .871 o.868 
38 1.083 1.069 l.o6o 1.065 1.054 1.064 1.052 
39 1.117 1.164 1.095 1 .149 1.088 1.115 1.102 
40 1.054 1.018 1.052 1 . 017 1.043 1.034 1.032 
41 1.002 1.020 1.014 1.005 0.996 1.013 0.998 
42 1 .041 1.051 1.024 1.039 1.014 1.028 1.018 
43 0.981 0.992 1 .024 0 . 973 0.995 1.011 0 .990 
44 1.010 0.997 0 .995 0 .990 0 .985 0.990 0.982 
45 1.042 1.030 1.029 1.022 1.017 1 .023 1.014 
46 1.009 1.064 1.031 1 . 047 1.007 1.041 1 .017 
47 1.029 1.021 1.016 1 .012 1.004 1.011 1.003 
Residual 2403.6 2112.6 1891.1 2033 .2 1774.4 1830.3 1748.6 
* Equations for predictions were as follows: 
"' 1. y = 57.9 + l.8xl 
"' 2. y = 44 .9 + 3.8x2 
" 3. y = 72.8 + 2.2X3 
" 4. y = 20.4 + l.OX1 + 3 .3x2 
"' 5. y = 36.5 + l.2X1 + 2 . ox3 
"' 6. : = 52.2 + l.6x2 + l.7X3 
7. y = 27.3 + l.OX1 + l.1X2 + l.7X3 
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Since the residual is lowest for model 7, the discussion will be made 
among hybrids for this model. The observed yields for hybrids 1, 17, 18 
and 37 we re 11.1, 9. 3, 11. l, and 13. 2% lower than expected. Hybrid 1 
was below average for all maturity measures and 1751. 1 kg helow aver-
age yield for hybrids tested in southern Iowa (Table 5). Hybrid 1 was an 
early check hybrid included £or comparative purposes and is obvi ously 
not suited for growing in southern Iowa. Hybrids 17, 18 and 37, however, 
were approximately average for the three ineasures of maturity, but they 
we re 690. 4 kg below average for yield. Since there is a positive relation 
between the three maturity measures and yield, these hybrids did not 
yield as well as expected. Hybrid 5 was below average for moistu re at 
approximate physiological maturity and silking date but above average 
for yield; hence, this hybrid performed 10. 3% better than expected. Hy-
brid 35 was 3 days later, had a higher moisture content at approximate 
physiological maturity and harvest, . but yielded 941. 5 kg less than hybrid 
5. Consequently, hybrid 35 yielded 9. 5% less than expected. On the other 
hand, hybrid 39 was also 3 days later and above average for moisture at 
approximate physiological maturity, but the yield was 1004. 2 kg above 
average. Since. there is a positive relation between the maturity meas-
ures and yield , it is evident that certain combinations-average to late 
maturity and average to below average yield-are undesirable. 
DISCUSSION 
The inferences that can be made from the data analyzed are subject to 
the following limitations: l) The three measures of maturity we re ob~ 
tained only at Kanawha and Ankeny. Yield data w~re not obtained at these 
two locations. In the regression analyses, the maturity measures at 
Kanawha and Ankeny were used in relation to the yield data obtained at 
locations in the districts. Therefore, the error in maturity measures 
obtained at Kanawha and Ankeny in relation to the yield-test locations 
would be introduced in the analyses. 2) Moisture measurements of the 
grain were obtained at 60 days after average silking date; this was to 
approximate physiological maturity . However, it has been shown that 
physiological maturity is not attained_ at the ~ame time for different ma-
turing hybrids (Gunn and Christensen 1965 ). Adjustments of the moisture 
were made for each hybrid relative to 60 days after average silking date, 
but this does not correct the differences that may have existed among 
hybrids for the attainment of physiological maturity. Therefore, the 
grain moisture used may have been obtained before or after physiological 
maturity for certain hybrids. Perhaps it would have been better to call it 
grain moisture 60 days after silking date. 3) Data for the three maturity 
measures were not available for each year. The correlations between 
each of the maturity measures and yield for each year (Tables 2 and 3) 
were calculated with the 3-year maturity data but single-year yield data. 
Therefore, , the correlations may have been lowered because of variation 
in maturity among years. 4) Only linear regression coefficients were 
estimated. Higher order regression coefficients (quadratic, cubic, etc .) 
may have reduced the residual , but it would have n1ade the predictions 
and interpretati ons more difficult. 
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The regression analyses indicated that higher yields are positively 
associated with higher moisture at approximate physiological maturity 
and harvest and later silking date in both northern and southern Iowa. 
This agrees with experiments that have shown that maximum yields are 
attained with hybrids that make maximum use of the growing season. 
Because of this positive relation, the corn producer is tempte.d to grow 
hybrids that are normally too late for their particular areas, and, in 
an unfavorable season, the immature (physiological maturity) corn is 
"caught" by a frost. The resultant soft corn has a reduced dry matter 
content that results in lowered yields and creates storage problems be-
cause of high moisture. 
The analysis used in this study can aid the corn producer in selecting 
a hybrid that combines high yield with the three measures of maturity. 
Tables 4 and 5 show which hybrids yield better than expected on the basis 
of their maturity measur e ments; this information in conjunction with the 
maturity measures will t e ll which hybrids use essentially all the avail-
able average growing season, yet mature with safety. Hybrid 28 in nor-
thern Iowa (Table 4) is an example. This hybrid silks later than average, 
has above average moisture at physiological maturity, is below average 
for moisture at harvest, and is approximateiy 627. 6 kg above average in 
yield. Hybrid 28 combines the qualities that appear necessary to produce 
a high yield and yet mature with safety: late silking and high moisture at 
physiological maturity (this ma kes maximum use of the growing season) 
and fast drying after physiological maturity, w hich is especially impor-
tant in north e rn Iowa. 
In northern Iowa, the th ree measures of maturity were highly inter-
correlated. In the selection of a hi gh-yielding hybrid for this area, it is 
important that the corn producer select the hybrid that re ve rses the re-
lation between late silking date and high moisture at harvest. Since it is 
difficult to evaluate genotypes for time of physiological maturity, and, 
since silking date is highly correlated with moisture at physiological 
maturity (r = . 739), the corn breeder w ill be fairly certain that the late 
silking genotypes will have a high moisture at physiological maturity or 
attain physiological maturity a greater number of days after silking (Gunn 
and Christensen 1965). It appears the corn breeders should stress rate 
of drying after physiological maturity to maximize yields of hybrids in 
northern Iowa. 
For the hybrids tested in southern Iow a, the relation among the ma-
turity m e asures and between the maturity measures and yield is not as 
evident. One factor may be that maturity is not as critical as in nort.hern 
Iow a, and corn breeders have applied less emphasis on silking date, low 
moisture, and rate of drying in the de velopment of the hybrids. Silking 
date and moisture at harvest we re the only maturity n1easures that ~were 
highly correlate d (r =. 627 ). Silking date accounted for more of the ~ari­
a ti on in yield (29%) than moisture at approximate physiological mat~rity 
and harvest. However, the inclusion of three maturity measures reduced 
the residual 8% lower than silki ng date (Table 5). Although the relation 
between the maturity measures and yield is not as evident, Table 5 : does 
show which hybrids yielded relatively better (or worse) for the conditions 
in southern Iowa. 
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RELATIONSHIP OF NITROGEN AND LIGHT INTENSITY TO GROWTH, 
PHOTOSYNTHESIS AND RESPIRATION OF GREEN ASH SEEDLINGS 1 
F. S. Broermanz and G. E. Gatherum3 
ABSTRACT. This controlled-environment study was es-
tablished to help test the hypothesis that variation in 
growth of green ash (Fraxinus pennsylvanica Marsh) 
among classes of Iowa coal spoil materials is related, 
in part, to differences in nitrogen levels and light in-
tensities. The ob j ective of this study was to determine 
the nitrogen and l i ght intensity requirements of green 
ash seedlings in relation to growth and physiological 
processes underlying growth. Effects were investi-
gated of five nitrogen le v els, ranging from 50 to 550 
ppm , and f i v e 1 i g ht int en s it i e s , r an gin g fr om 5 6 .0 to 
6,000 foot -candles, on photosynthesis, respiration, 
growth and distribution of assimilate of green ash seed-
lings. Marked re s ponses in photosynthesis and growth 
to increases in nitrogen from 50 ppm to approximately 
300 to 350 ppm and to increases in light intensity up to 
at least 6, 000 foot-candles indicate a relatively high 
requirement of green ash seedlings for nitrogen and 
light. Perhaps, poor growth of green ash on Iowa coal 
spoil materials where nitrogen is low and competition 
for light severe, is accounted for, in part, by these 
relatively high nitrogen and light requirements. 
Green ash (Fraxinus pennsylvanica Marsh) has given high survival on 
many classes of coal spoil material in Iowa, but growth has beeri ex-
tremely variable (Einspahr 1955 and Lorio ~t al. 1964). Inasmuch as 
high survival of green ash over such a wide range of spoil materials 
is unique among many tree species, its use in Iowa coal spoil reclama-
tion appears advisable. However, the causes of extreme vari ation in 
growth of green ash among the many coal spoil classes in Iowa need ·to be 
identified if objectives of Iowa coal spoil reclamation include a consid.er-
ation of production as well as vegetative cover. 
Hansen and McComb ( 1958) found that green ash survived well regard-
iess of site on upland soils in Iowa, but varied greatly in, height and diam-
eter growth. They obtained a direct correlation between mean a'nnual 
height growth and per cent of leaf nitrogen and inferred that nitrogen 
1 Journal Paper No. J-57 32 of the Iowa Agricultural and Home Econ6mics 
Experiment Station, Ames, Iowa. · Project No. 1218. · . 
z _Former graduate ~tudent, Department of Forestry, Iowa Stat'e. Univer-
sity, Ames. 
3 Professor, Department of Forestry, Iowa State .University., Ames. 
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deficiency might be a major factor limiting green ash growth on old field 
sites. Low nitrogen levels in spoil material have been observed by 
Rogers { 1951) and Limstrom ( 1960). Accumulation of this element in 
freshly deposited spoil is very slow {Einspahr 1955 ). Lorio and Gatherum 
(1966) studied the growth of eastern cottonwood on spoil material and 
found significant relationships between foliar nitrogen, foliar phosphorus 
and height increment. Einspahr ( 1955 ), using potted spoil material and 
tomato as an indicator plant, obtained significant yield increases with 
additions of N, P, NP, or NPK, depending upon the type of spoil used. 
On many classes of spoil material in Iowa, invasion by volunteer 
grasses, £orbs and shrubs increases markedly the competition for light, 
water and nutrients. Einspahr (1955) and Lorio ~t~. {1964) obtained 
high survival but relatively poor growth of green ash under conditions of 
intense competition on Iowa coal spoils. Moreover, green ash survival 
has been adequate but growth poor when light intensities are low {Lorio 
and Gatherum 1965 ). 
This controlled-environment study w as established to help test the 
hypothesis that variation in growth of green ash among classes of Iowa 
coal spoil materials is related, in part, to differences in nitrogen levels 
and light intensities. The obj ective of this study was to determine the 
nitrogen and light intensity requirements of green ash seedlings in rela-
tion to growth and physiological processes underlying growth. Specifi-
cally, the controlled-environment study was designed to determine the 
effects of nitrogen and light intensity on photosynthesis, respiration, 
growth and distribution of assimilate of green ash seedlings. To identify 
more specifically the causes of variation in growth, data from this con-
trolled-environment study will be related by the For.estry Section of the 
Iowa Agricultural Experiment Station to field studies designed to deter-
mine light intensities and nitrogen levels on the various classes of Iowa 
coal spoil materials. 
METHODS 
A randomized complete block sand culture experiment was established 
to determine the effect of five levels of nitrogen on growth, distribution 
of assimilate and foliar nitrogen of green ash seedlings. Twenty-five 
replicates were used. A simple split-plot design was used to determine 
the effect of five levels of nitrogen and five light intensities on photosyn-
thesis and respiration of the same seedlin~s. Light intensity was used 
as t~e whole-plot variable and nitrogen level as the subplot variable. 
Green ash seedlings, obtained from Iowa State Forestry Nursery beds 
sown in the fall of 1963, were transplanted into I-gallon pots May 14, 
1964. Coarse vermiculite was used as a pot mulch to reduce moisture 
ling~. The potted seedlings, initially grown under 30% light intensity in 
the open, subsequently were transferred to 85% light intensity in the open 
at th;e inception of nitrogen treatments. Average daily maximum light 
inte?sity in the open averaged 8000 foot-_cand~es over the growth period. 
in the open averaged 8, 000 foot-candles over the growth period. 
After transplanting, all seedlings were supplied with a complete, half-
strength nutrient solution until May 26 and then with a complete, full-
strength solution until June 17. The composition of these solutions is 
given in Table 1. On June 17, five levels of nitrogen were applied to the 
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Table 1. Concentration of nutrient solutions. 
Source of Chemical Concentrations Concentrations 
nutrient formula used from trans- used after 
planting to May May 26 1 
26 (ppm) (ppm) 
Arrnnonium NH4No3 85 N 170 N 
nitrate 
Calcium ca3(P04) 2 
2 96.9 193.8 Ca Ca 
orthophosphate 49.9 p 99.8 p 
Potassium KCl 91.8 K 183.6 K 
chlor i de 
Magnes ium MgS04 •7H20 24.7 Mg 49.4 Mg 
sulfa te 32.5 s 65 s 
Cupr i c Cuso4 •5H20 .01 Cu .02 Cu 
su lfate 
Zinc Znso4 •7H20 .025 Zn .05 • Zn 
sulfate 
Manganese Mn.Cl2•4H20 .25 Mn 0.5 Mn 
chloride 
Boric H3Bo3 .25 B 0.5 B 
acid 
Molybdenum ff:2-Mo0•4H20 .015 Mo .03 Mo tri-oxide 
Ferric FeC6H507•3H20 3.5 Fe 7 Fe 
citrate 
1170 ppm of N was used until June 17. After June 17, concentra-
tions of 50, 175, 300, 425, and 550 ppm were used. Concentration of 
all other nutrients remained the same. 
2r-reshly prepared colloidal suspension was used each time solu-
tions were mixed. 
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seedlings at constant levels of all other nutrients. Nitrogen was supplied 
as arri.monium nitrate at levels of 50, 175, 300, 425 and 550 ppm. Fresh 
nutrient solution was added to the pots every other day and demineralized 
water added on alternate days. Sand in each pot w as thoroughly leached 
with demineralized water once every two weeks to prevent excess salt 
accumulation. Solutions we re applied until the growth phase of the study 
was completed on August 1. 
Formal testing of photosynthesis and respiration began July 27 and 
ended August 1. Seedlings were brought from the nursery to the labora-
tory ; sand in each pot was brought to field capacity and a 3-mil poly-
ethylene bag was placed around each pot and sealed at the base of the 
seedling to prevent C02 evolution from the pot during photosynthesis-
respiration measurements. Photosynthesis and respiration were meas-
ured in a gas-tight controlled environment chamber described by Broer-
man ~t ~· (1967). A Beckman L / B infrared analyzer, model 15A, was 
used to measure C02 uptake and evolution. Net photosynthesis measure-
ments were made at light intensities of 560, l, 300, 2, 000, 3, 300, and 
6, 000 foot-candles. Respiration was measured in the dark after place-
ment of dark photographic cloth around the chamber. Gross photosyn-
thesis was obtained by adding dark respiration to net photosynthesis. 
After completion of photosynthes is -res pi ration measurements, stem 
height; fresh weight of top, stem, leaves and roots; and leaf area we re 
determined. Dry weight measurements were recorded after the seedling 
parts were dried for 24 hours at 70 ° C. All leaf samples were ground to 
pass ~ 20 mesh screen in a Wiley mill and analyzed for nitrogen by the 
Kjeldahl method. 
Data were programmed and calculations made at the Iowa State Uni-
versity Computation Center. Orthogonal coefficients were calculated, as 
suggested by Dr. Foster Cady of the Statistical Laboratory, Iowa State 
University, to partition sums of squares for the unequally spaced light 
intensities. Orthogonal regressions we re used to compare responses to 
the equally spaced nitrogen levels. 
RESULTS 
Gross and net photosynthesis of green ash seedlings were affected by 
nitrogen and light intensity (Table 2). Gross and net photosynthesis per 
seedling increased with an increase in nitrogen from 50 to about 350 ppm, 
then decreased as nitrogen w as increased to 550 ppm (Fig. 1). Respira-
tion did not vary among nitrogen levels (Fig. 1 ). Gross and net photo-
synthesis per seedling and per unit of leaf area increased with light in-
tens ity from 560 to 6,000 foot-candles, reduction in rate occurring, how-
ever, at approximately 3, 000 foot-candles (Figs. 2, 3). Respiration did 
not vary among preceding light intensities (Figs. 2, 3). 
Growth, distribution of assimilate and foliar nitrogen were affected 
by nitrogen (Table 3). Total fresh weight, fresh weight of top and fresh 
weight of leaves increased with increased nitrogen from 50 to about 325 
ppm , . then decreased with additional nitrogen up to · 550 ppm (Fig. 4). 
However, mean squares for lack of fit for each of these growth variables 
also were significant at the 1% level (Table 3 ). Fresh weight of roots and 
fresh weight of stem followed a similar pattern but culminated at nitrogen 
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Table 2. Mean squares from analyses of variance of photosynthesis and respiration of green ash seedlings. ~ N 
Light Intensity Nitrogen 
Total Error Total L.I.x Error 
L.I. A N N B 
Source df. 4 Linear Quad- Lack of 16 4 Linear Quad- Lack of 16 80 
ratic fit ratic fit 
(1) ( 1) (2) (1) ( 1) (2) tJj 
~ 
0 
Gross photosyn-
(11 
~ 
thesis per seed- ** ** ** ** ** "J'd< ~ ling. 2593.62 4324.95 962.93 43.30 301.91 2131.32 3020.16 5388.36 58. 38 188.29 174.20 
'.Z 
Respiration per Ill 
seedling. 27.42 11.41 28.73 7.76 36.71 Jj 0.. 
Net photosynthe- () 
sis per seed- ** ** ** ** ** ** >-t-:l ling. 2250.27 8204.46 595.08 100. 78 228.70 1733.11 2834.79 4037.57 30.04 166.44 139.33 ~ 
Gross photosyn- ~ 
thesis per square ** ** ~ 
decimeter. 10255. 53 37574.06 27199.61 324.23 949.44 1116.86 493.96 640.38 ~ 
Respiration per 
square decimeter. 171.46 45.45 187. 91 55.34 56.46 
Net photosynthe-
sis per square ** ** 
decimeter. 8535.23 31589.01 1322.88 714.52 815.89 951.86 408.07 493.89 
** Significant at 1% level. .-, 
,.--:c~ 
able 3. Mean squares from analyses of varian ce of foliar nitrogen and growth of green ash seedlings . 
Nitrogen 
Total N Error 
ource df 4 Linear Quadratic Lack of 96 0 
fit ~ 
(1 ) (1) (2) 0 
~ 
r-3 
resh we i ght of seedling 4 71.40** 73.17 1447 . 80** 182.31** 27 .oo ::r:: 
r e sh weight of top 199 . 78** 101.89** 529.11** 81.04** 8.77 0 f-rj 
resh weight of stem 8.49** 0.03 31. 28** 1.33 .64 0 
~ 
resh weight of l eaves 135 . 18** 102.04** 310.84** 63.91** 4.99 M 
M 
resh weight of roots 67 . 06* 2. 37 226 . 39** 19. 73 6.54 z 
'ry weight of se e dling 32 . 10** 7 . 51* 99 . 91** 10.50** 1.85 
;:i:,. 
(/) 
::r:: 
1ry weight of top 20 . 01** 10.83** 55.93** 6.65* . 98 0 
try weight of stem 1.20 .10 z 
() 
>ry weight of leaves 12 . 38** 11.06** 28 . 55** 4 . 94** .50 0 
;:i:,. 
>ry weight of roots 1.89** 0 . 30 6.34 .45 .18 t-' 
(/) 
:op - root ratio, fresh weight 1.48** 4.54** o. 29 .53 .10 frj 
0 
:op-root ratio, dry weight 6. 76** 23.16 0.43 1.17 • 31 H t-' 
leight 94.58* 169. 74** 205.21** .68 23.88 
:.eaf area 41. 93** 26.08** 99.64** 20. 91** 1. 70 
'o liar nitrogen 12.00** 42.28 3.94** .89 .20 
* Significant at 5% level. 
....... 
** Significant at 1% leve 1. ~ 
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levels of approximately 300 to 250 ppm, respectively (Fig. 4). Dry weight 
response was similar to the fresh weight response in all instances . 
Stem height increased with increased nitrogen from 50 to 200 ppm, 
then decreased with additional nitrogen up to 550 ppm (Fig. 5). Total leaf 
area increased with increas ed nitrogen up to 350 ppm before decreasing; 
however, mean square for lack of fit was significant at the 1% level (Table 
3 ) . Foliar nitrogen and the top - root ratio increased with increase d 
nitrogen from 50 to 550 ppm (Fig. 5 ). Distribution of assimilate varie d 
only slightly among the three middle levels of nitrogen; but marked 
changes occurred between nitrogen levels of 50 and 550 ppm (Table 4). 
Table 4 . Per centage distribution of assimilate of green ash seedlings 
in relation to nitrogen level, dry weight basis. 
Distribution of as similate 
- eercentage 
Portion of Nitrogen level - ppm 
seedling 50 175 300 425 550 
Stem 23 20 21 20 18 
Leaves 43 53 52 54 59 
Tops 66 73 73 74 77 
Roots 34 27 27 26 23 
DISC USSIO 
Marked responses in photosynthesis and growth to increases in nitro -
gen from 50 ppm to approximately 300 to 350 ppm and to increases in 
light intensity up to at least 6, 000 foot - candles indicate a relatively high 
requirement of green ash seedlings for nitrogen and light. P erhaps, poor 
growth of green ash on I owa coal spoil materials where nitrogen is low 
and competition for light severe, is accounted for, in part, by these rela -
tively high nitrogen and light requirements . 
Differences in photosynthesis of g re en ash seedlings among nitrogen 
levels primarily were related to seedling size and n ot to differences in 
photosynthetic efficiency of a unit of leaf. Photosynthesis per seedling 
increased up to a nitrogen level of 350 ppm , then decreased. Photosyn -
thesis per unit of leaf area did not vary among nitrogen levels . These 
results are contrary to the findings of Loustalot ~t ~· (1950), w ho found 
that the rate of photosynthesis of tung seedlings per unit of leaf area was 
affected significantly by the nitrogen supply, but are consistent with the 
work of Childers and C owart ( 1935 ), who found that nitrogen deficiency 
greatly r educe d C02 assimilation of young apple trees o n a total leaf area 
basis . 
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Photosynthesis increased with light intensit y up to 6, 000 foot -candles , 
the highest light intensity used in the study. Apparently green ash attains 
a maximum rate ot photosynthesis at r elatively high light intensities. 
However, the greatest photosynthetic rat e o ccurred over the lower one -
third of the light range used. The response to light intensity at low l evels 
indicates that, under conditions of severe competition for light, photo-
synthesis may be adequate for survival but inadequate for growth. In-
creases in light intensity beyond those associated with severe competition 
should enhance growth greatly. Einspahr (1955) and L orio ~t ~· (1964) 
obtained high survival but relati vely poor growth of green ash under con-
ditions of heavy competition on spoil areas. Moreove r, green ash sur -
vival was adequate but g r owth poor w hen light intensities were low (Lorio 
and Gatherum 1965). 
The growth pattern of green ash seedlings , over nitrogen levels from 
50-550 ppm, was characterized by a range of rapid and linear response, 
a range of luxury consumption and a range of growth depression. At 50 
ppm, growth was limited; from 50 -175 ppm, growth increased rapidly; 
from 175-425 ppm, growth w as little affected by changes in nitro ge n 
supply and from 425-550 ppm, growth decre ased. At 50 ppm, growth of 
all portions of the seedling was limited, but relatively more growth oc -
curred in the roots than in the tops . At low nitrogen levels, the re la ti vely 
greater root growth probably results from a more favorable competitive 
position for water and nutrients (Black 1 957 ). At the intermediate nitro-
gen le ve ls, nitrogen was not limiting, and the relative distribution of 
assimilate did not differ, reasonably conclusive evidence of a luxury 
consumption range. At the high nitrogen l evels, growth again was re -
duced, but relati ve ly more growth occurred in the tops than in the roots. 
The decreas e in root growth relati ve to top g rowth could be related to re-
duced translocation of photosynthate to the roots as sugges ted by Loomis 
(1953) or to inhibitory concentrations of auxins in the roots as discuss e d 
by Black ( 1957 ). 
These findings point out the essential roles that nitrogen and li ght 
probably play in survival and growth of green ash on I owa coal spoil 
areas. The relatively rapid rates of photosynthesis at low li ght intensi-
ties and the relatively greater root growth at low nitrog e n levels may 
account, in part, for the high sur vival of green ash over the many class e s 
of coal spoils. However, marked increases in growth of g r ee n ash on 
these spoil materials apparently depend upon an increase in nitrogen up 
to a level comparable w ith the pot nitrogen leve ls of 300 to 350 ppm and 
an increase in light intensity up to at least 6 , 000 foot-candl es . C ompe -
tition control and nitrogen fertilization may be necessary cultural prac -
tices if reclamation of I owa coal spoil materials with green ash is to 
include production as well as vegetative co ve r objectives . 
To test further the hypothesis that va riation in growth of green ash 
among classes of Iowa coal spoil materials is r e lated, in part, to differ-
ences in nitrogen levels and li ght intensities, field studies to determine 
light intensities and nitrogen levels on va rious class e s of spoils, are 
recommended. Subsequently, these values could be compared to the 
nitrogen and light r e quirements of green ash as determined in this study . 
Moreover, an additional controlled-environme nt investigation is n ee ded 
to evaluate the magnitude of a li ght intensity x nitr ogen interaction in 
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relation to. growth and the physiological processes underlying growth. A 
controlled-environment study is needed in which measurements of the 
physiological processes underlying growth co uld be made periodically 
throughout 'the investigation at the same light intensities and nitroge n 
levels used in the growth phase of the experiment. 
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GEOMETRICAL PROPER TIES OF DEPRESSIONS 
IN NORTH-CENTRAL IOWA 1 
C. T. Haan and H.P. Johnson2 
A BS TRACT. A n i n v e s t i g a t i o n o f t h e g e o m e t r i c a 1 c h a r a c -
teristics of depressions in north-central Iowa was un-
dertaken as a part of a hydrologic study to develop a 
mathematical model of small wate rsheds. The results 
indicate that the depressions possess definable rela-
tionships between volume, surface area, and depth. 
The depressions are randomly distributed, and the dis-
tribution of surface areas o f depressions can be de-
scribed by a three-parameter Weibull probability den-
sity function. 
Introduction 
Recent interest in the development of rational hydrologic models has 
led hydrologists and geomorphologists to search for methods to quan -
titatively describe land forms. Le opold~~· (1964) and Strahler (1964) 
have presented comprehensive treatments of this topic. Most of the pre-
vious work has been concerned with describing re la ti vely mature basins · 
with well defined drainage systems. Existing methods of quantifying the 
geometry of the land surface for the depressional areas of north-central 
Iowa were found unsatisfactory for developing a mathema~ical, hydrologic 
model of this region. A detailed study w as initiated to develop relation-
ships that would quantitatively describe the land shape with · special em -
phasis on the geometry and distribution of depressions. Figure 1 shows 
a typical depression. 
Figure 1. Typical north-central 
Iowa depression. 
1 Journal Paper No. J-5588 of the Iowa Agricultural and Home Economics 
E xperiment Station, Ames, Iow a. Project No . 1586. 
2 The authors C. T. Haan and H.P. Johnson are , respectively, Assistant 
Professor, Agricultural Engineering, University of Kentucky and Pro-
fessor, Agricultur~l Engineering, Iowa State University. 
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T o obtain mor e quantitative data on the extent, distribution, and char-
acteristics of depressi ons in the study area, a two -phased data collection 
program w as initiate d. Phase 1 of the invest igation w as a study of de-
pressions on the East F ork Hardin Creek Watershed near Churdan, Iowa, 
and phas e 2 w as a study of exi sting topographic maps of drainage districts 
in Emmet C ounty, Iowa (Fig. 2) . 
East Fork Hardin Creek Watershed 
Figure 2. Region of Iowa 
containing many 
depressional areas. 
East Fork Hardin Creek near Churdan, I owa, has a watershed area of 
about 24 square mile s . The Jeffer s on , Iowa , quadrangle map of the U .S. 
G eol ogi cal Survey contains the waters h e d. The porti.on of the map show -
ing the basin is r e produced in F igu r e 3 . The map , as o riginally pub-
lishe d in 1962, had a s cale of 1: 62500 and a 10 - foot contour inte r val. An 
examination of this map reveals the very flat nature of the w atershed and 
complete lac k of d ra inage development othe r than the main stream, a 
drainag e ditch . 
~sJ...=->=<--"'=E=:==o=:,~~~=======""======""""'~===­
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F igur e 3. Map of East F o r k Hardin Creek. 
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Table 1. Physical constants of East Fork Hardin Creek. 
Area 
Average ground slope 
Perimeter 
Stream length 
Stream slope 
Drainage density 
Average length of overland flow 
Maximum elevation 
Minimum elevation 
Maximum relief 
Mean relief 
Relief ratio 
Hypsometric integral 
24.0 
0.87 
27.5 
5.15 
0.095 
0.21 
12,460 
1,125 
1,054 
71 
53.5 
13.8 
0.562 
square miles 
percent 
miles 
miles 
percent 
miles/sq .mi. 
feet 
feet, msl 
feet, msl 
feet 
feet 
feet/mi. 
The U.S. Geological Survey is also preparing maps of this area on a 
scale of 1 :24000. An advance print of this map was obtained and used to 
determine some constants which partially describe the topography of the 
watershed (Table 1). The parameters listed have become quite common 
in recent literature on quantitative geomorphology. S ee Strahler (1964) 
or Leopold ~ ~· ( 1964) for definitions of the parameters. The deter -
mination of the hypsometric integral was made by the m ethod described 
by Haan and Johnson (1966). 
Table 2. Mean and standard deviation of depression properties, East 
Fork Hardin Creek. 
Number of Standard 
Property Observations Mean Deviation 
Area 70 2.29 acres 5.03 acres 
Volume 70 2.05 acre-feet 7 . 32 acre-feet 
Depth 69 1. 09 feet 0.68 feet 
The published maps of East Fork Hardin Creek do not have sufficient 
detail to outline the depressional areas. This made it necessary to con-
struct new maps of the area for study. This was done by aerial photog-
raphy. It was not possible to map the entire 24 square miles of the wate r-
shed and, therefore, necessary to sample the basin. 
Aerial photographs of the complete watershed were made. From these 
photographs, four 320-acre sampleB were selected for mapping. The 
selection of the samples was biased as it was desired to select areas with 
large numbers of depressions so that the sample would be of maximum 
usefulness in deriving relationships between the size, extent, and distri-
bution of depressions. The location of the sampled areas is shown in 
Figure 7 as the regions enclosed in the rectangles. 
Depression volumes, depths, and areas were measured from the four 
sample maps. These maps were drawn on a Kelsh plotter with a 2-foot 
contour interval. In many cases auxili?:-!"Y .r,Ci9:~tours were sketched to re-
duce the interval to I foot . . The elevation _ o{ the depression bottom was 
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Figure 4. Sample area map showing depressions (hachured). 
determined to one-tenth of a foot. Figure 4 is a reduction of one of the 
sampie-area maps and reveals the relatively large aerial extent of the 
depressions. 
The means and standard deviations of the area, volume, and depth of 
the d~pressions in the sample areas are given in Table Z. It was found 
that there is a significant relationship among these properties. Standard 
regression techniques indicate that the volume is related to the area by 
the equation 
O. 34 Al. 44 ( 1) 
where 
¥ depression volume (acre-feet) 
A depression area (acres). 
This relationship has an r-squared value of 0. 92 and a standard error of 
0. 23. 
The volume is also related to the depth by the equation 
O. 49 Dz. 42 (Z) 
where 
D = depression depth (feet). 
This relationship has an r-squared value of 0. 80 and a standard error of 
O. 40. Figures 5 and 6 are plots of these relationships. 
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relationship, East 
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Figure 7. Pothole map of 
East Fork Hardin 
Creek. 
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To study the aerial distribution of depressions within the watershed, 
a large mosaic of the watershed was constructed from the aerial photos. 
This mosaic was photographed, and a single photo of the entire watershed 
was produced. A sheet of tracing cloth was placed on the photograph, and 
the outline of all the potholes in the watershed was traced. This resulted 
in a map of the watershed showing only the depression boundaries (Fig. 7). 
By using the random sampling technique described by Haan and Johnson 
( 1966) it was found that approximately 9% of the basin lies within the 
boundaries of a depression. 
The distribution of the depressions over the basin was investigated by 
first dividing the watershed into 20 segments of equal area. These seg -
ments ran from the west edge of the basin to the east edge and were num-
bered consecutively from south to north, beginning with number l in the 
southernmost segment. 
The hachured area in Figure 7 represents one of these segments . The 
number of depressions and the percentage of the area within the boun-
daries of depressions was recorded for each segment. A statistical test 
to determine if there was any north-south trend in depression numbers 
per unit area or percent of the basin within depressions was made by 
calculation of a simple regression equation with the segment number as 
the independent variable and either number of depressions per segment or 
percentage of the segment within depressions as the dependent variable . 
The results of these tests indicated that there is no north-south trend 
in either depression density or areal extent. Similar tests and results 
can be obtained for any direction on the watershed. Thus, one can say 
that the depressions in East Fork Hardin Creek Watershed are essen-
tially randomly distributed as far as location and number are concerned. 
An investigation was also undertaken to determine how the areas of 
depressions are distributed. A rational analysis of this problem indi-
cates that as the size of a depression decreased, the number of depres-
sions with that size would increase. Thus, one would surmise that there 
would be an infinite number of infinitesimally small depressions and few 
extremely large depressions . The exponential distribution 
p(x) = ~e - x / 8 (3) 
where 8 is a parameter and xis the variable, expresses this model. By 
using the maximum likelihood estimator for 8, (8 = .X), the results shown 
in Figure 8 are obtained. Although the Chi-square value obtained in test-
ing the fit of the distribution is not too large, a visual inspection of the 
results indicates that a probability density function that would decrease 
at a fast~.r. rG\-teJor small areas would probably fit the data better. 
With this in mind, the Wei bull probability density function 
(4) 
where a, b, and care parameters, was fitted to the data. This is also 
shown in Figure 8. The parameters a, b, and c are maximum likelihood 
estimators and were determined by the procedure outlined by Haan and 
Beer ( 1966). The Chi-square value for this distribution was slightly 
GEOMETRICAL PROPERTIES OF DEPRESSIONS 155 
24 
20 
c 
.., 
IC 
c 
~II 
> 
G 
~ 
it2 
., 
.., 
i 
... 8 
f 
IL 
0 
~ 4 
Figure 8. Distribution of 
depression areas, 
East Fork Hardin 
Creek. 
I 
EXPONENTIAL l •2•.03 
O.L....L.....1.-L...J.......L...L...J-L......L....J....__:::==-....._ 
0 2 3 4 5 I 1 8 
POTHOLE AREA (ACRES) 
greater than for the exponential distribution; however, a visual inspection 
of the results indicates that the Weibull function may fit the data better. 
This conclusion is substantiated on the Emmet C ounty data. In deriving 
these distributions, areas greater than 8 . 0 acres were excluded f r om 
the analysis because their occurrence is extremely rare. One undesir -
able characteristic of the Weibull probability density function is tha;t it is 
defined for x '.'.:.a only. This is not a very severe r est riction, however, 
because a is usually very small for data of this type. 
Emmet County Study 
Emmet County is located in the no;rthernmost tier of count ies in Iowa 
and approximately two-thirds of the way across as measured from the 
eastern edge of the state (Fig. 1 ). Much of the topography in the c o unty 
is like that of E ast F o rk Hardin Creek Watershed. In the early l900's 
many drainage districts were formed, and topographic maps subsequently 
were made of these drainage districts. These topographic maps served 
as the source of data for the following analysis. In addition to providing 
data on areas, volumes and depths of depressions, the districts rzjapped 
were sufficiently large to permit determination of the area contributing 
runoff to individual depressions (Table 3) . 
A comparison of the values in Table 2 with the values in Table 3 re-
veals that the depressions in East F o r k Hardin. Creek and in Emmet 
County have similar characteristics . Statistical tests for the difference 
in the means of depressio n areas, volumes, and depths reveals that there 
is no significant difference. 
As was the case with the East Fork Hard in Creek data, standard re-
gression techniques indicate that depth and vo lume of depressions in 
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Table 3. Mean and standard deviation of depression properties, Emmet 
County. 
Number of Standard 
Property Observations Mean Deviation 
Area 232 3.09 acres 7.56 acres 
Volume 232 2.35 acre-feet 6.08 acre-feet 
Depth 232 .99 feet . 85 feet 
Contributing 
Area 175 24.48 acres 33.2 acres 
Emmet County are related by the equation 
-¥ = 0. 41 D 2 · 31 . (5) 
This relationship has an r - squared value of 0. 71 and a standard error of 
0. 57 (Fig. 9). 
The surface areas and volumes are related by 
-¥ = 0. 27 Al. 36. ( 6) 
This relationship has an r-squared value of 0. 89 and a standard error of 
0. 34 (Fig. 10 ). 
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Figure 9. Depth-volume 
relationship-, Emmet 
County 
Figure 10. Area - volume 
relationship, Emmet 
County. 
By combining the data from East· Fork Hardin Creek with the data 
from Emmet County, a single relationship between the depression vo l-
um e s and depths and between volumes and surface area was obtained. 
Thes e r elationships are 
-¥ = 0. 43 Dz. 34 (7) 
GEOMETRICAL PROPER TIES OF DEPRESSIONS 157 
with an r-squared of 0. 72 and a standard error of 0. 53, and 
;J,.f = 0.28Al. 3 8 
with an r-squared of 0. 90 and a standard er ror of O. 32. 
By use of the testing procedure outlined on page 204 of Ostle (1963), it 
wa s concluded that the combined equation (eq. 7) could be used to repre-
sent the volume-depth relationship because the individual equations (eqs. 
2 and 5) are not significantly different3 • When the same test was mad~ 
on the volume - surface area relationship, the combined equation (eq. 8) 
did not represent both areas as the individual equations (eqs. 1 and 6) are . 
significantly different 3 • 
An examination of topographic maps of depressional areas reveals 
that the size of areas contributing surface runoff to the individual de-
pressions va ries greatly from depression to depression. A study of the 
size of areas contributing runoff to individual depressions was undertaken 
on the Emmet County data. Where there was sufficient topographic detail, 
the b oundar i es of contributing areas we re outlined on the maps. These 
areas we r e planimetered to obtain the contributing areas in acres. · 
An attempt was made to correlate the area of a depression with th~ 
area contributing runoff to that depression. The relati on derived was 
14. 4 A~· 46 (9) 
whe re 
Ac = contributing area (acres). 
This relationship had an r-squar ed value of 0. 45 and a standard error of 
0. 36 (Fig. 11) indicating a poor correlation betwee n the area contributing 
runoff to a depression and the are a of the depression. Table 4 summar-
izes the r e lationship between depression area, depth, volume, and cori..; 
tributing area. 
3 Level of significance . 05. 
Figure 11. Contributing 
area-depression area 
relationship, Emmet 
County. 
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A determination of the distribution of the areas for Emmet County de-
pressions was made (Fig. 12). For these data the Chi-square value is 
significant for both the exponential distributi on and the Weibull distribu-
tion. If the individual Chi-square value for the class from 5. 5 acr es to 
6. 0 acres is deleted from the analysis, the total Chi-square for the ex-
po~ential is reduced by 188 .and, for the Weibull, by 18. 2. This means 
the observed distribution is still significantly different from the exponen-
tial distribution, but not from the Weibull distribution if a O. 025 level of 
significance is used. As with the East F ork Hardin Creek data, areas 
larger than 8. 0 acres were excluded from the analysis. 
When the data from East Fork Hardin Creek and Emmet County are 
combined into a single distribution, .the results shown in Figure 13 are 
obtained. The three parameters of the Weibull distribution for this data 
were 
-a 0.0368 
i;' 1. 038 
0 0.7455 
so that the probability density function for the distribution of depression 
areas may be written 
p(x) 0.7455 x-0.0368 -0.255 1.038 ( 1.038 ) e 
Table 4. Summary of relationships. 
Squrce of Data Relationship 
East Fork v 0.34 Al. 44 
Hardin Creek v 0.49 02.42 
Emmet County :Ief- 0.27 Al. 36 
:s.f 0.41 02.31 
A = 14.4 A0 .46 
c 
Cqmbined -'<!'" 0.26 Al .38 
¥- 0.43 02.34 
_ (x-0.0368) 
1. 038 
R2 
0.92 
0.80 
0.89 
0.71 
0.45 
0.90 
0.72 
0.7455 
(10) 
Standard 
Error 
0.23 
0.40 
0.34 
0.57 
0.36 
0.32 
0.53 
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Figure 12. Distribution of 
depression areas, Emmet 
C ounty . 
Figure 13. Distribution of 
depression areas, Emmet 
County and East Fork Hardin 
data combined. 
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Conclusions 
A study of 300 depressions from 2 areas in north-central Iowa has 
shown that the depressions tend to be randomly distributed in areal ex-
tent. It was found that the re is significant statistica l correlations among 
the geometrical properties of depression area, depth, and volume . The 
distribution of depression areas can be approximated by the three param-
eter Weibull probability density function. 
Even though the 2 study areas were separated by nearly 100 miles, 
the relationships determined between the various geometri cal properties 
and the means of the properties were in most cases not significantly 
different as shown by statistical analyses. 
The correlations among the geometrical properties make it possible 
to determine the depths and volumes of individual depressions by meas-
uring their areas from aerial photographs or detailed topographic maps. 
Because the depths of the depressions rarely exceed 3 feet, topographic 
maps used to study depressions must have a very small contour interval, 
preferably 1/2 foot. 
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QUANTITATIVE STUDIES OF THE BENTHIC FAUNA OF 
CLEAR LAKE, IOWA 1 
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A BS TRACT • A n i n t e n s i v e s t u d y o f t h e s t a n d i n g c r o p o f 
benthic in ve rt e brates w as made in Clear Lake, Iowa, 
du ring th e summer of 1966. The samples were char-
acter i zed by sizable v ariabilit y b oth wi th time and be-
tween samp lin g areas. The highest standing crops were 
fou nd in are as g reat e r than 2 met e rs in depth and con-
sisted of Ch ir o nomidae and Oli go chaeta. The littoral 
a r eas h ad lowe r standing crops with greater taxonomic 
diversit y. , The we i g hted a ve ra ge standing crop for the 
la ke wa s 8 . 63 kg / Ha. 
Cle ar Lake is a shallow, unstratified, e utrophic lake lo cated in C e rro 
Gordo County, north-central Iow a. It occupies a glacial basin at the 
eastern margin of the Wis cons in drift. The surface area is approxi-
mately 1474 hectar e s (Ha), w ith a maximum depth of about 6 meters. 
The a ve rage depth is 3. 7 meters, and 25% of the la ke is l e ss than 2 
meters deep (Pe arcy 1953 ). Most of the littora l zone of the lake is com-
posed of sand, g ra ve l and s ome rubble (Bailey and Harrison 1945 ). 
The objective of this study w as to determine the standing crop of 
benthic invertebrates in Cle ar Lake during the summe r of 1966. The 
study w as d esigned to complement the investigations of fish populations 
in that lake carried out by the I owa Cooperative Fishe ries R e search Unit 
since 1941. Previous studies that have included limited buttom sampling 
have been reported by P e arcy ( 1953 ), Ridenhour ( 1958) and Welker ( 1961 ). 
Mrachek (1967) has pr eviously r eported on the fauna inhabiting higher 
aquatic plants in Clear Lake. 
METHODS 
Th e la ke w as divided int o sampling areas on the basis of bottom type, 
w ater depth a nd vegetation (Fi g . 1 ) . Are a 1 with 20. 9 hectares consisted 
of the vegetat ed portion of the la ke w est of Mcintosh P o int. The following 
specie s of aquatic plants we re pr e sent: 
1 Journal Paper No. J-5716 of the Iowa Agriculture and Home Economics 
E x p e rime nt Station, Ames, I ow a. Proj ect No. 1564. 
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C eratophyllum d emer sum L. 
Elodea canadensis Michx. 
Myriophyllum exalbescens F e rnald 
Najas flexilis Willd. 
Nuphar advena Ait. 
Nymphaea tuberosa Paine 
P otomogeton illinoens is Morang 
f· natans L. 
P. n odosus Pair 
P. pectinatus L. 
P. pusillus L. 
P. richardsonii Benn. 
Scirpus validus 
Typha angustifolia L. 
T. latifolia L. 
Vallisne ria americana Michx. 
The bottom material was muck except fo r the immediate shoreline, w hich 
consisted of sandy mud. The area ranged in depth from 0 to 1. 5 meters. 
Area II was 104 hectares and consisted of the nonvegetated portion of 
the lake we st of Mcintosh P oint. The area was up to 2 meters deep and 
had a muck bottom similar to the bottom material of most of Area I. 
When lake levels ha ve been low in past years, this entire area has been 
covered with higher aquatic vegetation to the exte nt that boating was im-
possible (Pearcy 1953 ). 
A:rea III, with 102 hectares, extends from the east side of the F & M 
Fishing Wharf around the eastern end of the lake to Dodges Point. The 
bottom material is sand, and the area ranged f rom a narrow strip along 
the e astern shore to a ve ry wide littoral zone in South Bay. Vegetation 
was ve ry sparse in the area, w ith only occasiona l p otomogetons and on e 
very small patch of bulrushes in S outh Bay. 
Area IV w as the largest of the seven areas, with 1127 hectares. It 
included all the lake over 2 meters deep. The bottom material is muck, 
and the maximum depth is about 6 meters . There w as no higher aquatic 
vegetation, but there w as some Chara present. 
Area V was 26 hectares. It ext e nded from Lone Tree Point e astward 
to Dodges Point. The bottom material is muddy sand to sand. However, 
the sands were coarser than those found in Area VI along the northe rn 
shore. Vegetation was present between L on e Tree Point and Farmers ' 
Beach, but was absent from the remainder of the area. The vegetation 
in this area was in water between 0. 5 to 1. 5 meters deep . 
Area VI was 92 hectares. It started at M cintosh Beach and extended 
around the point along the northern shore to F & M Fishing Wharf. The 
bottom ranged from sand to muddy sand and muck at the western end of 
the area. There was some coarse sand and rubble at Mcintosh Point. 
The area was up to 2 meters deep, and it harbored a large amount of 
vegetation, with soft stem bulrush and potomogetons being the most pre -
valent. 
Area VII covered 1. 5 hectares. It was the gravel and rubble reef 
around the island and varied from 5 to 25 meters in width. The shore -
line was composed of boulders and graded into sands at the outer limit. 
This area also included the small reef of rubble and gravel at D o dges 
Point. There were a few potomogetons scattered around the island, but 
the sites where they grew were limited. 
All areas were sample d weekly from - 6 June 1966 to 3 Sept. 1966, ex-
cept Area VII, whi ch was sampled during August only . Each week in 
Areas I-VI, six samples were taken at random with a O. 25 square foot 
(232 cm2 ) Ekman dredge. In Area VII, three samples were taken each 
week with a Peterson dredge (800 cmZ). 
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CLEAR LAKE BENT HOS 
SAMPLING AREAS 1966 
Figure 1. Map of Cle ar Lake, Iowa , showing benthos sampling areas . 
The samples were taken following procedures described by Welch 
(194 8) . Samples were washed in a 25 - mesh screen seive and put in indi -
vidua l c ontainers . All samples we re hand - picked wh ile fresh with the 
aid of an e lectrical stimulating device (Bayless 196 1) and a sugar flota -
tion process (Anderson 1959) . The organisms we r e sorted into major 
taxonomic groups and counted . They were preserved in 70% alc ohol and 
lat e r were oven- dried at 95 - 9 7 ° C and we ighed to the n e ar est 0 . 1 mg. 
The dry weights were used in an analysis of variance to test fo r the 
effects of area and time in the sampling program. The numbers of or -
ganisms in each of the major taxonomic g r oups we r e also examine d with 
th e same model , w ith the e xception that the data we r e first transformed 
by adding 0. 5 and taking the square root. 
RESULTS 
Table 1 g ives the mean standing crop and standard e rror for each of 
the sampling are as . Usin g t - tests at the 99% confidence level, we found 
that Area IV, the d eep portion of Cle ar La ke , had a significantly higher 
standing cr op than any of the othe r areas. Areas I and V also had a sig -
nificantly higher standing crop than Area II. There was no significant 
difference between the standing crops of Areas I , III, V and VI at the 99% 
l eve l. With the exception of the nonvegetated portion of the western e nd 
of the lake , the standing crops of the litto ral areas were not significantly 
diffe rent among thems e l ve s on a quantitative basis . The deep portion of 
Clear Lake had over 93% of th e total standing crop of benthos, and the 
littoral r egions, w i th 23. 5% of the lake area, contain ed less than 7% . 
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Table 1. Standing crops of benthic organisms sampled in Clear Lake 
during the summer of 1966. The last two columns represent 
the percentage of the la ke surface occupied by each of the 
sampling areas and the percentage of the total standing crop 
found in e ach of the areas. 
Kg/hectare 
Per cem: of total dr,l:'. weight 
l\rea Stand1ng croe Area rvlean S. E. 
3.41 +0.318 1.420 0.56 
II 2.09 +0.318 7 .070 1. 70 
II I 2.61 +0.318 6.933 2.08 
IV 10 .50 +0.318 76.500 93.10 
v 3.30 +0.318 1. 754 0.67 
VI 2.62 +0.318 6.220 1.88 
VII 0.705 +0.495 0.103 0.008 
There was a large variability in both the weekly mean weights and 
numbers of o rganisms with r es p ect to both time and ar e a. Analysis of 
variance was used w ith the weekly mean we ights and the numbers of or-
ganisms in the Chironornidae, Amphipoda, Oligochaeta, Turbellaria and 
Ephemeropte ra (Tables 2, 3 ). These five taxonomic groups encompassed 
99. 9% of the organisms collected. Chironomidae made up 52. 7% and 
Oligochaeta 25. 1% of the t ota l. 
The statistical tests, for the weights and numbers of organisms in all 
five groups, the area means, the time means, and the time x area inter-
action within each area were all significantly different at the 99% level 
when tested against th e pooled variation among samples. However, ther e 
was no consistent trend of increasing or decreasing numbers over time 
for any of the groups in any of the areas or in the lake as a whole. 
In Area IV , the deep portion of the lake, the standing crop w as com-
posed entire l y of chironomids and oligochaetes, with chironomids being 
the dominant group (Table 4). The same held true for Area II, the other 
non vegetated area . In the littoral zone, areas I, Ill, V and VI, the quali -
tative composition was significantly different for the five groups analyzed, 
although the standing crops we re the same in terms of weight. 
Chironomids made up a higher p e rcentage of the populations on a 
numerical basis in the non vegetated areas than in the vegetated areas. 
The opposite was found with mayflies and amphipods. The distribution 
of oligochaetes wa s not affected by vegetation density, water depth or 
bottom type. The greater the vegetation d e nsity, the less the dominance 
was observed of any one group of organi-sms within a given area. 
Other organisms were occasionally found in the bottom sampl es . They 
included snails, damselflies, caddisflies, beetle larvae, and leeches. 
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Table 2. Weekly means of bottom fauna in milligrams per dredge sample (232 an2) 
and analysis of variance for effects of time and area 
Area 
Week II III IV v VI 
16.4 8.5 9.2 10.5 7.0 11.2 
2 5.9 5.4 7.5 7.0 6.2 3.4 
3 4.3 2.0 8.3 9.4 3.4 5.3 
4 9.1 2.1 4.2 24.7 4.0 5.0 
5 5.6 1.6 3.1 35.1 10.1 5.1 
6 8.0 2.2 5.4 26.1 2.8 7.3 
7 6.7 3.6 6.9 18.0 4.6 4.8 
8 5.5 2.2 4.0 8.9 3.8 6.3 
9 13.l 7.0 3.1 21.1 9.4 5.2 
10 10.3 5.0 3.0 28.9 14.5 5.7 
11 6.5 14.9 9.8 39.6 11.1 5.8 
12 2.7 5.7 5.6 45.4 12.5 8.0 
13 8.6 2.9 8.8 42.3 10.6 6.1 
Source of Degrees Sum of 
variation of freedom squares Mean square F 
Time 12 4,124.238 343.678 8.01 
Area 5 21,288.668 4,257.730 99.29 
Time x area 60 12,541.738 209.029 4.87 
Error 390 16,724.125 42.882 
Total 467 54,678.770 
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Table 3. Analys es of va rianc e per dredge sample for effects of time and 
area. 
Source of 
variation 
Am phi p ods 
Time 
Area 
Time x Area 
Error 
Total 
Chironomids 
Time 
Area 
Timex Area 
Error 
Total 
Ephemeroptera 
Time 
Area 
Timex Area 
Error 
Total 
Olig ochaetes 
Time 
Area 
Timex Area 
Error 
T0tal 
Turbellarians 
Time 
Area 
Time x Area 
Error 
Total 
D egre es of 
Freedom 
12 
5 
60 
l1Q_ 
467 
12 
5 
60 
2.2.2_ 
467 
12 
5 
60 
2.2.2_ 
467 
12 
5 
60 
2.2.2_ 
467 
12 
5 
60 
2.2.2_ 
467 
Sum of 
squares 
22. 76613 
97.14657 
98.38742 
417.79617 
436. 09668 
53. 67003 
225. 86017 
206.04428 
349. 93774 
835. 51270 
14. 90173 
72. 07986 
42.35666 
107. 69404 
237.03230 
38. 25992 
66.77811 
120. 37564 
265. 59985 
491.01391 
12.62400 
33. 90636 
53.75909 
135.03844 
235,32790 
Mean square 
l. 89718 
19.42931 
1.63979 
o. 55845 
4 .47250 
45. 1 7203 
3.4340 7 
0. 89728 
1.24181 
14.41597 
0.70594 
0.27614 
3. 18833 
13.35562 
2 . 00625 
o. 68103 
1. 05200 
6.7 812 7 
0.89598 
0 . 34625 
F 
3.39 
34.79 
2.94 
4. 98 
50. 34 
3.83 
4. 50 
52. 21 
2.56 
4. 68 
19. 61 
2 .95 
3. 03 
19. 58 
2. 59 
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Table 4. Qualitative composition of benthic sampl es from Clear Lake. 
The numbers refer to the percentage of the total number of 
individuals in an area w hich belong to a particu lar taxonomic 
group. The abundance of higher aquatic plants in each area 
is indi cated on a qualitative scale with 4 indicating maximum 
density and 0 vegetation absent. 
Po~ulation composition 
Area 
Organism I I III I 17 ~ l]I 
Chironomidae 23.80 72 .00 57.50 83.25 59.00 32.60 
Oligochaeta 28.60 25.50 27.00 16.50 22.50 31.40 
Ephemeroptera (Caenis sp.) 19.10 2.00 1.60 0.10 1. 70 4.50 
Amphipoda (Halella azteca) 24.80 0.30 4.20 0 .10 10.00 15.30 
Turbel l aria 2 .10 8.20 6.00 15. 80 
Tri choptera 0.64 0.40 0. 77 0.21 
Gastropoda 0.75 0.03 0.03 0.14 
Hi rudi na 0.50 0.20 0.35 0.02 
Zygoptera 0.46 0.05 
Vegetation rank 4 0 0 2 3 
Gastropoda (Physa sp. and Helisoma sp. ) we re rarely found in Areas III, 
V and VI. Coleoptera (Hydrophilidae and D ytiscidae) were very rare with 
only four individuals being collected. Trichoptera (Oecetis sp .) were 
most often collected in Area V, expe cially betwee n Lone Tree Point and 
Farmers' Beach. Hirudinia we r e found over most of the la ke except in 
Areas V and VI. However, their distribution and appearance in samples 
we re erratic . 
Zygoptera (Enallagma sp. and I schnura sp.) occurred but rarely. They 
were associated with the vegetation in Area I. During the limited sam -
pling in September and Octobe r they made up 7. 94% of the organisms 
collected in Area I. D uring June, July and August, however, they con-
stituted 0. 47% of the organisms collected from Area I. By actua l num-
bers , eight individuals were collected from 78 sampl es during the sum-
mer, and 49 individual s were collected from 20 samples · in the fall. 
For comparati ve purposes, a weighted average of the Clear L ake 
standin g crop was calculated and c o n ve rted to wet weight on the assump-
tion of an 89o/o water content. This was the va l ue found by Owen (1956) 
for Chironomidae in North T w in L ake . The Clear Lake value is included 
in Table 5, along with benthos estimates for three other Iowa lakes and 
average values found in various lake region s of the world . In genera l, 
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Table 5. Standing crops of bottom fauna in various Iowa lakes and 
lake regions of t he world (wet weights in Kg/Ha) 
Lake or region 
Cl .ea r Lake , I ow a 
weighted average 
Lizzard Lake, Iowa 
deep water 
sh a 11 ow water 
North Twin Lake, Iowa 
dredged areas 
undredged areas 
West Okoboji Lake, Iowa 
deep water 
shallow water 
Alpine 
North Germany 
North Canada largely 
USA largely 
Conn. and N.Y. 
Finland 
Sweden 
Russia 
New Brunswick, Canada 
Number 
of lakes 
43 
64 
13 
38 
75 
5 
10 
3 
Standing 
crops 
78.5 
124 
121 
37.1 
18.1 
269 
52.0 
76 .1 
115.0 
88.9 
87.2 
23.6 
31.1 
41. 3 
25.2 
Reference 
This study 
Tebo (1955) 
T€bo (1955) 
Owen 0956) 
Owen (1956) 
Bardach et .!l. (1951) 
Clampitt et ~ (1960) 
Hayes (1957) 
Hayes (1957) 
Hayes ( 1957) 
Hayes (1957) 
Hayes (195 7) 
Hayes ( 1957) 
Hayes (1957) 
Hayes ( 1957) 
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the standing crop of benthos in Clear La ke is intermediate with respect 
to both Iowa and wor ld lakes . It is only slightly less than the average 
for the North American la kes included in the table . 
Since the bottom fauna form a dynamic link in the food chain leading 
directly to the fish populations, the standing crop at any time does not 
necessarily reflect the true productivity of a lake . In one study , Hayne 
and Ball (1956) found that the a ve rage production of bottom fauna fish-
food during a g rowing season amounted to about 1 7 times the standing 
crop when fish were present. In the abs e nce of fish, the production rate 
of fish - fo o d decreased and finally stopped at a higher le vel of standing 
crop. In the presence of fish, a lowe r standing crop of bottom fauna was 
found. 
By applying a turnover factor of 17 , the annual production of fish -food 
by the bottom fauna in Clear La ke would be of the order of 1300 kg/Ha 
wet weight. This is, of course, a crude e stimate, and furth e r refinement 
would be of inte rest. 
Future studies could profitably be cente r ed on the Chironomidae found 
in the main basin at depths greater than 2 meters (Area IV of this study). 
We found that about 93% of the standing crop of benthos for the lake was 
found in this area and that it was made up of 83% Chironomidae and 16% 
Oli gocha eta by numbers . Taking into account the relative sizes of the 
respective organisms , the Chironomidae are certainl y of major impor -
tance . Further, the chironomids made up the dominant food item in the 
diet of the yellow bass (Buchholz 1960; Welker 1963; Kraus 1963.) arid 
the black bullhead (Forney 1955 ; Welker 1963)in Clear Lake. Since these 
are both important fish species , such a study would contribute to our 
know l edge of a major e nergy pathway in this lake . 
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